Interactive comment on "Chemical composition and severe ozone loss derived from SCIAMACHY and GOME-2 observations during Arctic winter 2010/2011 in comparisons to Arctic winters in the past" by R. Hommel et al.
This study uses data products from the instruments SCIAMACHY and GOME/GOME2 to investigate the severe ozone loss in the Arctic winter 2010/11 as it was reported in several studies before. The evolution of the Arctic polar winter stratosphere is compared to other winters since 2002, with focus on the comparison with the winter 2009/2010. The observations of the trace gases BrO, NO2 and OClO are used to explain the special conditions in the winter 2010/2011 leading to the severe ozone loss in spring. BrO is used as indicator of horizontal mixing, NO2 as indicator of denitrification and OClO as indicator of chlorine activation. The chemically-induced ozone loss is cal-C5558 culated according to Sonkaew et al. (2013) . The understanding of the processes leading to the observed ozone losses in 2010 and 2011 is tested with a three-dimensional isentropic chemistry transport model. Overall, this study confirms the results and explanations given in the literature. The large ozone loss in March 2011 can be attributed to the halogen driven catalytic cycles and the strong denitrification related to PSC occurrence. A difference to former studies is the detailed analysis of the ozone mini-hole situation in January 2011.
I find the article interesting and appropriate for the journal. It represents an update of earlier studies using the same observational data set and illustrates the large year-toyear variability in the Arctic polar stratosphere. However, it is required that the authors point out the main goals and the new findings of this study more clearly. There are many different analyses in this study but it is often not clear to me why these analyses are important and what the main message is. It would be helpful to give short conclusions for the different parts in order to highlight the gain of information obtained by the different analyses. Considering the length of the manuscript I suggest that in favor of a clear description of the new aspects, the discussion of some details (that are not relevant for the overall conclusions) should be shortened. I recommend publication after my comments are properly addressed.
Specific comments:
Title: An important part of this study is the detailed analysis of the mini-hole event. Maybe this should be part of the manuscript's title rather than the comparison to Arctic winters in the past? 16599-16600: Can you identify the large denitrification and chlorine activation (as noted in the Introduction) in March 2010 in your data set (OClO and NO2)? And how is this explained in a winter that you classify as a "warm" winter? You give some informa-tion about the conditions in the year 2010, but they are spread all over the manuscript. Maybe you can shortly discuss the year 2010 conditions also in section 3.7 and explain how the large denitrification matches to the "warm winter" and the high ozone levels. 16614, line 6: Here, you argue that the decrease in BrO in April is caused by mixing of BrO poor air from the midlatitudes into the vortex (also 16619, line 7). Later (16619, line 9), you used BrO as indicator of mixing and state that the lower BrO levels in 2011 compared to 2010 are "due to slower large-scale meridional transport from the regions of its photochemical production." Can you explain this discrepancy?
16615, line 9ff: You ask the question "Why this is influencing an isentropic ozone loss estimate, developed to infer the strength of the chemically-induced polar ozone destruction independently from reasons related to the dynamics of the atmosphere", but in my opinion you don't answer it clearly in section 3.8. Is the chemically-induced ozone loss during the mini-hole event unrealistic? Or does it represent the contribution C5560 from enhanced PSC occurrence and chlorine activation due to the adiabatic cooling? If there is enhanced PSC occurrence (see Fig. 9 ), why is it not possible that there is a chemical ozone loss in the illuminated part of the vortex? You should consider this for your discussion later on.
16616-17, a general question to section 3.4: If you compare the differences between the year 2010 and 2011 in your solar occultation data set, do you get the same conclusions as for the limb measurements? 16617, line 11-24: In your discussion you explain that you would expect lower BrO and larger NO2 mixing ratio in occultation measurements compared to limb measurements. However, you observe larger mixing ratios in both gases. How can you explain the discrepancy in what you expect and what you observe? 16618, line 12: Here, a short conclusion of the relevant information that is obtained by analyzing the occultation measurements, would be helpful.
16618/19, general comment on section 3.5.1: In this section you compare the model results and the observations. However, in between you don't discuss differences between the model and the observations, but between the years 2010 and 2011. This is confusing.
16619, line 11-15: Here, you explain that the modeled BrO mixing ratios above 475K are larger in 2011 than in 2010 because of lower modeled NO2 mixing ratios and a reduced formation of BrONO2. The question arises why this is only true for the model and not for the "real" atmosphere where also lower NO2 mixing ratios are observed in 2011 compared to 2010. In the lines 16-22 you explain that the model underestimates the NO2 mixing ratio which answers the question above. Therefore, I suggest that you reorganize the second part of section 3.5.1. 16633, line 6-11: You state that the OMH-like situation has a direct impact on the chemical ozone loss later in spring. In Figure 9 however, the PSC occurrence rate decreases after this event and is in the range of other winters in the beginning of February. Furthermore, I cannot detect an impact on the chlorine activation in Figure  10 . There is a steadily increasing OClO mixing ratio averaged within the vortex and the variability is too large to identify a clear change in the time evolution during the OMH situation. Please explain in more detail how you come to this statement.
16633, line 12-16: You explain that the short-term BrO decrease is caused by the "thinning effect" of the OMH-event. What about the transport and mixing of air from the mid-latitudes? Would this reduce the "thinning effect"? 16633, line 20-22: No comparable ozone loss in the polar stratosphere will be expected, when the stratospheric chlorine loading has reached the natural background level, even if the occurrence of PSCs will increase. But in the first half of the 21st century, when the chlorine amount is still high, this might be relevant. I suggest that you rewrite the part "even when the ozone layer recovers to values of the pre-CFC era".
16636, line 7ff and in general: "(..) there are several detailed issues to be resolved (..)" Did you learn new details about the model performance? It seems to me that you C5562 already knew the deficits of the model before.
16636, line 10: "Finally, the observation of a large OMH coupled to a large Northern Hemisphere polar ozone hole is not a coincidence." You should be more careful with this statement. You have argued that this OMH event could have triggered the severe ozone loss in March 2011. This may be true for 2011 (even if it's hard to verify). However, even if the ozone loss in spring is larger with a preceding OMH event, a OMH event will not necessarily lead to a large ozone loss. Furthermore, you have to keep in mind that you have only one example and no statistically significant proof for this connection. You should write it as a hypothesis and not as a proven fact.
Technical corrections:
In general: You mix British and American English. Please unify the orthography. Different acronyms for polar stratospheric clouds are used (PSC or PSCs). Please unify this and introduce the acronym only once. UKMO, MIDRAD, LINOZ, .. is not introduced when it is used the first time. 
